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Musings at MID-Career: What is so Special about omega-3 Fatty Acids?
Scott Feller.
Dept Chemistry, Wabash Col, Crawfordsville, IN, USA.
Receiving the Thomas E. Thompson award is a tremendous honor that pro-
vides an opportunity to reflect on a scientific journey that is inextricably
linked to the Membrane Structure and Assembly subgroup of the Biophysical
Society. Members of the subgroup have served as my closest collaborators,
as sources of knowledge and wisdom, and as role models of a worthy scien-
tific career. In this talk I will describe our efforts to use computational ap-
proaches to study highly polyunsaturated lipids, in particular those
containing docosahexaenoic acid (DHA). By employing molecular dynamics
simulations with enhanced sampling algorithms we have identified signifi-
cant differences in lipid mediated protein-protein interactions. These results
are analyzed in terms of the unique conformations available to omega-3 fatty
acids and their subsequent effect on lipid packing at the lipid-protein
interface.Subgroup: Bioenergetics
12-Subg
Mitochondrial DNA Stress Primes the Antiviral Innate Immune Response
Phillip West.
Pathology, Yale School of Medicine, New Haven, CT, USA.
Mitochondria are central participants in a variety of cellular processes
including ATP generation, programmed cell death, signal transduction,
and innate immunity. Consequently, mitochondrial dysfunction is implicated
in many human diseases through a wide array of pathogenic mechanisms.
Mounting evidence suggests mitochondrial dysfunction engages stress-
signaling cascades that can induce either beneficial or deleterious adaptive
responses. Despite the biological importance of these responses, the
signaling pathways involved and the mechanisms governing their activation
remain poorly characterized. Here we describe an antiviral innate immune
signaling pathway that is elicited by mitochondrial DNA (mtDNA) stress.
Mechanistically, we have found that aberrant mtDNA packaging causes
hyper-fusion of the mitochondrial network, which engages cGAS-STING-
IRF3-dependent signaling to elevate interferon-stimulated gene (ISG)
expression, potentiate type I interferon responses, and confer broad viral
resistance. Furthermore, we demonstrate that Herpes viruses disrupt mtDNA
packaging and organization, provoking mtDNA stress-dependent antiviral
priming. Therefore, our results identify mtDNA stress as a trigger of innate
immune signaling and suggest that viral disruption of mtDNA homeostasis
may serve as a cell-intrinsic indicator of infection to enhance antiviral
innate immunity.
13-Subg
High Resolution Crystal Structures of Translocator Protein 18 kDa
(TSPO) Reveal Ligand Binding Sites and Effects of a Human Single Poly-
morphism
Shelagh Ferguson-Miller, Fei Li, Jian Liu, Yi Zheng, Lance Valls,
R. Michael Garavito.
Biochemistry/Molecular Biology, Michigan State University, East Lansing,
MI, USA.
Translocator protein 18kDa is a mitochondrial outer membrane protein that
was first recognized in mammalian systems as the peripheral benzodiazepine
receptor (PBR) and in Rhodobacter sphaeroides as the tryptophan-rich sen-
sory protein (TspO). Although many aspects of its function in bacteria and
mitochondria remain unclear and controversial, TSPO is ubiquitous and
well conserved in bacteria through to mammals and is expressed at high
levels in steroidogenic tissues and under conditions of inflammation, meta-
static cancer, and neurological disease. A number of different ligands bind
to TSPO including cholesterol, porphyrins and heme, as well as benzodiaz-
epines and related compounds. Derivatives of TSPO ligands are widely used
to image neurological injury by positron emission tomography. Recently, a
human single nucleotide polymorphism was found to be associated with
increased incidence of anxiety-related disease. We report high resolution
crystal structures of Rhodobacter TSPO, along with ligand binding studies
and mutational and evolutionary covariance analysis, which reveal new
features of this enigmatic protein, including a dimer form and an altered
structure induced by a mutant mimic of the human polymorphism. (NIH
R01GM26916, MSU Center for Mitochondrial Science and Medicine,
SF-M).14-Subg
Translocator Protein in Mitochondrial Cholesterol Transport and the
Pharmacology of Steroidogenesis
Vassilios Papadopoulos.
McGill University, Montreal, QC, Canada.
Steroidogenesis begins with the transfer of cholesterol from intracellular stores
into mitochondria through a complex formed of cytosolic proteins, such as the
steroidogenesis acute regulatory protein and 14-3-3 adaptor, and outer mito-
chondrial membrane proteins Translocator Protein (TSPO) and Voltage Depen-
dent Anion Channel (VDAC). TSPO is an evolutionary conserved 18-kDa high
affinity drug- and cholesterol- binding protein expressed in high levels in ste-
roid synthesizing cells. Aberrant expression of TSPO has been linked to cancer,
neurodegeneration, neuropsychiatric disorders and primary hypogonadism.
TSPO drug ligands have been proposed as therapeutic and monitoring agents
for these diseases. In the brain, steroids are local regulators of neural develop-
ment and excitability. Changes in neurosteroid levels are linked to neuropsychi-
atric and neurological disorders such as depression, anxiety and
neurodegeneration. Local administration of neurosteroids is unfeasible, and
treatment of patients with large amounts of neuroactive steroids unsafe. In
the testis, reduced serum testosterone (T) is common among subfertile and
infertile young men as well as aging men and is often associated with depres-
sion, metabolic syndrome, and reduced sexual function. Although T-replace-
ment therapy has been the treatment of choice, there are numerous side-
effects. Thus, there is a clear need for developing repair therapies that restore
the brain’s and testis’ abilities to make steroids. In vitro and in vivo studies, us-
ing animal models of disease, demonstrated that TSPO drug ligands increased
neurosteroid production in neuropsychiatric disorders and T formation in hypo-
gonadism. Moreover, peptides conjugated to 14-3-3ε site of interaction with
VDAC1 blocked 14-3-3ε-VDAC1 and increased VDAC1-TSPO interactions
in testis inducing T formation. In contrast, in constitutively steroid producing
Leydig and adrenal cell tumors blocking TSPO function inhibits excessive ste-
roid synthesis. TSPO and VDAC were identified as valid drug targets that con-
trol steroid formation both in vitro and in vivo.
15-Subg
Voltage Dependent Anion Channels (VDAC) and Regulation of Mitochon-
drial Metabolism
John J. Lemasters1,2.
1Medical University of South Carolina, Charleston, SC, USA, 2Institute of
Theoretical and Experimental Biophysics, Pushchino, Russian Federation.
Voltage dependent anion channels (VDAC) are responsible for permeability of
mitochondrial outer membranes to hydrophilic metabolites like ATP, ADP and
respiratory substrates. Although previously assumed to remain open, VDAC
closure is emerging as an important mechanism for regulation of global mito-
chondrial function. Acetaldehyde formation from hepatic ethanol metabolism
leads to VDAC closure, which suppresses exchange of mitochondrial metabo-
lites and inhibits ureagenesis. In vivo, VDAC closure after ethanol occurs coor-
dinately with mitochondrial depolarization. Together, VDAC closure and
uncoupling foster selective and more rapid mitochondrial oxidation of toxic
acetaldehyde formed by ethanol metabolism. Glycolysis and suppression of
mitochondrial metabolism are metabolic characteristics of cancer cells that pro-
mote cell proliferation (Warburg phenomenon). High free ab-tubulin dimers in
cancer cells block VDAC and suppress mitochondrial function, and reversal of
tubulin inhibition of VDACwith erastin and erastin-like small molecules has an
anti-Warburg effect that hyperpolarizes mitochondria, enhances oxidative
phosphorylation and decreases glycolysis. Erastin-like compounds also
enhance mitochondria formation of reactive oxygen species in cancer cells,
leading eventually to mitochondrial dysfunction and cell death. Thus, VDAC
is a key regulator of mitochondrial function (DK073336, DK037034 and
14.Z50.31.0028).
Subgroup: Molecular Biophysics
16-Subg
Bending, Twisting, Popping: Protein and Nucleic-Acid Remodeling by
ATP-Dependent Machines and Switches
James Berger.
Department of Biophysics and Biochemistry, Johns Hopkins University,
Baltimore, MD, USA.
RecA and AAAþ family ATPases play key roles in cellular events ranging
from vesicle trafficking and proteolysis to chromatin remodeling and DNA
replication/repair. A large subset of these enzymes form multimeric rings or
4a Saturday, February 7, 2015spirals that respond to cycles of ATP binding and hydrolysis by undergoing
changes in oligomeric and/or conformational state, and then transducing these
physical rearrangements onto target macromolecules for controlling key bio-
logical processes. New structural and biochemical findings from the lab per-
taining to how DNA substrates are moved or remodeled by RecA/AAAþ
ATPases will be discussed.
17-Subg
Direct Observation of Structure-Function Relationships in Nucleic Acid
Processing Enzymes
Yann Chemla.
Physics, University of Illinois at Urbana-Champaign, Urbana, IL, USA.
The relationship between protein three-dimensional structure and function is
essential in determining mechanism. Unfortunately most techniques do not pro-
vide a direct measurement of this relationship. Structural data is usually limited
to static pictures and function must be inferred. Conversely, functional assays
usually provide little information on structural conformation. To address these
limitations, we recently developed a single-molecule technique combining op-
tical tweezers and fluorescence microscopy that allows for both measurements
simultaneously [Comstock et al. Nat. Meth. 2011]. Here, we present measure-
ments of E. coli UvrD, a DNA repair helicase, that directly and unambiguously
reveal the connection between its structure and function. Simultaneously mea-
surements of the unwinding activity and conformation of UvrD helicase reveal
two distinct types of unwinding activity regulated by its stoichiometry. Further-
more, we show for the first time that two conformational states, termed ‘open’
and ‘closed’, control the directionality of translocation relative to the DNA fork
junction. Our findings have important implications on the mechanisms of
nucleotide excision and methyl-directed mismatch repair, in which UvrD plays
an essential role.
We anticipate that our technique will be applicable to many fundamental nu-
cleic acid processing systems, which generally involve multi-protein assem-
blies with many degrees of freedom.
18-Subg
High-Resolution Mapping of Intracellular Fluctuations using Carbon
Nanotubes
Nikta Fakhri.
Massachusetts Institute of Technology, Cambridge, MA, USA.
Cells are active systems with molecular force generation that drives complex
dynamics at the supramolecular scale. We present a quantitative study of mo-
lecular motions in cells over times from milliseconds to hours. Noninvasive
tracking was accomplished by imaging highly stable near-infrared lumines-
cence of single-walled carbon nanotubes targeted to kinesin-1 motor proteins
in COS-7 cells. We observed a regime of active random ‘‘stirring’’ that consti-
tutes an intermediate mode of transport, different from both thermal diffusion
and directed motor activity. High-frequency motion was found to be thermally
driven. At times greater than 100 milliseconds, nonequilibrium dynamics domi-
nated. In addition to directed transport along microtubules, we observed strong
random dynamics driven by myosins that result in enhanced nonspecific trans-
port. We present a quantitative model connecting molecular mechanisms to
mesoscopic fluctuations.
Subgroup: Mechanobiology
19-Subg
Actin Cortex Mechanics and Cell Shape Control in Migration and Division
Ewa K. Paluch.
Laboratory for Molecular Cell Biology, MRC LMCB, UCL, London, United
Kingdom.
The shape of animal cells is primarily determined by the cellular cortex, a thin
network of actin filaments and myosin motors that lies directly underneath the
plasma membrane. Cell shape changes are driven by controlled changes in the
physical properties of the cortex, which arise from the microscopic architec-
ture, composition and dynamics of the cortical network. We investigate how
the mechanical properties of the cortex are controlled at the molecular level,
and how changes in these properties drive cell deformation. We have developed
methods to investigate the spatial organisation of the cortex at the microscopic
scale and are exploring how network organisation and the spatial distribution of
motor proteins determine cortical tension. A precise spatial control of cortex
tension and contractility is essential during cell shape changes. For example,
during cell migration, contractility gradients towards the back of the cell
have been involved in promoting cell polarization and the forward movementof the cell body. We are studying the control and function of cortical contractile
tension during bleb-based migration of Walker carcinosarcoma cells. We could
show that in these cells, a sustained rearward cortical flow is sufficient to drive
persistent cell motion in confinement, in the absence of specific substrate adhe-
sions. Instead, we show that Walker cells use a friction-based migration mech-
anism, which relies on forces several orders of magnitude smaller than
adhesion-based migration. Such adhesion-independent locomotion may be ad-
vantageous for cells crossing multiple tissues, as it does not require the expres-
sion of tissue-specific receptors.
20-Subg
Stiffness Sensing through Myosin II Minifilaments
Ulrich S. Schwarz.
Institute for Theoretical Physics, Heidelberg University, Heidelberg,
Germany.
Tissue cells react sensitively to the stiffness of their environment, which they
sense by applying actomyosin-generated forces through integrin-based adhe-
sion contacts. One important aspect of this essential aspect of the life of a
tissue cell is the mechanosensitive nature of the adhesion contacts, which
harbor a network of molecular force sensors. However, increasing evidence
suggests that actomyosin contractility might play a similarly important role
in stiffness sensing. Using a stochastic crossbridge model for force generation
through a cytoskeletal myosin II minifilament, we show that this contractile
unit already shows many aspects that are commonly attributed to cellular ri-
gidity sensing. For small substrate stiffness, minifilaments generate only tran-
sient and small forces. Above a threshold in stiffness, they switch into a state
of strong contraction. In the cellular context, this functional switch is further
modulated by ATP-concentration, myosin II phosphorylation, different
myosin II isoforms, the assembly kinetics of the minifilaments and of the
actin cytoskeleton, and actin binding proteins like tropomyosin. We will
also discuss how our model approach can be extended to include these addi-
tional aspects.
21-Subg
Adaptative Response of Cell Cytoskeleton Rheology and Ordering Gov-
erns Matrix Rigidity Sensing
Mukund Gupta1, Bibhu Sarangi2, Andrew Callan-Jones3, Rene-Marc Mege4,
Raphael Voituriez5, Benoit Ladoux4, Maitre de confe´rences1,2.
1MechanoBiology Institute, National university of Singapore, Singapore,
Singapore, 2Institut Jacques Monod, University Paris 7, Paris, France,
3University Paris 7, Paris, France, 4Institut Jacques Monod, University Paris 7
and CNRS, Paris, France, 5Laboratoire Jean Perrin, University Pierre et Marie
Curie & CNRS, Paris, France.
Matrix rigidity sensing regulates a large variety of cellular processes and has
important implications for tissue development and disease. However, how
cells probe matrix rigidity, and hence respond to it, remains unclear. Here,
we show that rigidity sensing and adaptation emerge naturally from actin
cytoskeleton remodelling. We report that cells markedly modify their internal
rheology and traction forces in response to substrate stiffness. Our in vitro ex-
periments and theoretical modeling demonstrate a bi-phasic behavior of the
actin cytoskeleton, which transitions sharply from fluid on soft substrates to
solid on stiffer ones. Furthermore, we find that increasing substrate stiffness
correlates with the emergence of orientational order in actin stress fibers,
which exhibit an isotropic to nematic transition that we characterize quantita-
tively in the framework of active matter theory6. This finding implicates
mechanisms mediated not only by the activation of local adhesion complexes,
as it is usually assumed, but also by a large-scale reinforcement of actin struc-
tures under stress. As such, this unanticipated rheological response of the cell
represents the mechanical driver of cell shape changes and cell polarity as a
function of substrate stiffness.
22-Subg
Molecular Mechanisms of Contractility-Based Cellular Mechanosensing
Douglas N. Robinson.
Cell Biology, Johns Hopkins University School of Medicine, Baltimore, MD,
USA.
Mechanosensing is fundamental to numerous cellular functions, and myosin II
is a core component of this mechanosensory machinery. Given the importance
of successful cell division for maintaining genomic integrity, we reasoned that
myosin II-mediated mechanosensing would be a significant factor in ensuring
successful cytokinesis. We found that dividing cells are exquisitely sensitive
to mechanical stress inputs, relocating myosin II to sites of the externally
